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PROCESS FOR DECOMPOSING AN INORGANIC FIBER 



FIELD OF INVENTION 

This invention relates to inorganic fiber 
compositions and more particularly it relates to inor- 
5 ganic fiber compositions which can contain silica, 
magnesia, calcium oxide, alumina, and other oxides. 
Some of the inventive fibers have excellent fire rat- 
ings, some have especially low durabilities in physio- 
logical saline solutions, and some have combinations of 
10 these foregoing properties. 

BACKGROUND OF THE INVENTION 

For many years, inorganic fibers generically 
referred to in the industry as "mineral wool fibers", 
made from slag, rock, fly ash, and other by-product raw 

15 materials have been manufactured. These fibers have 
been typically manufactured by melting the slag, rock, 
etc., containing such oxides as silica, alumina, iron 
oxide (ferrous and ferric), calcium oxide, and magnesia; 
allowing the molten material to be blown by gas or steam 

20 or to impinge on rotors at high speeds; and causing the 
resulting blown or spun fibers to be accumulated on a 
collecting surface. These fibers are then used in bulk 
or in the form of mates, blankets, and the like as both 
low and high temperature insulation. U.S. Patent No. 

25 2,576,312 discloses a conventional mineral wool composi- 
tion and method for making the same. 

In the past, the industry has well recognized 
the standard drawbacks associated with conventional 
mineral wool fibers. Conventional mineral wool fibers 
5 0 may have high contents of undesired oxides which often 
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detract from their refractory properties. The conven- 
tional mineral wools are coarse, i.e. they have average 
fiber diameters of 4 to 5 microns (measured microscopi- 
cally) and have high shot contents in the range of 3 o to 
5 50 weight percent. The coarseness of the fiber reduces 
the insulating value of the fiber and makes conventional 
mineral wool unpleasant to handle and unfriendly to the 
touch. For example, because of their coarse fiber 
diameters, conventional mineral wool blankets must have 

10 bulk densities of from 4 to 8 pcf and even higher in 
order to pass the ASTM E-119 two hour fire test. On the 
other hand, fiber glass blankets are often made with 
bulk densities of 2 pcf or lower. While the fiber glass 
blankets are friendly because of their low bulk densi- 

15 ties and relatively fine fiber diameter, they do not 
have sufficient fire resistance so as to pass even the 
one hour ASTM E-119 fire test. 

Recently, another potential problem with 
traditional mineral wool and other types of fiber has 
20 been recognized. It is well known that inhalation of 
certain types of fiber can lead to elevated incidence of 
respiratory disease, including cancers of the lung and 
surrounding body tissue. Several occurrences are well- 
documented in humans for several types of asbestos 
25 fiber. Although for other varieties of natural and 
manmade mineral fiber direct and unequivocal evidence 
for respiratory disease is lacking, the potential for 
such occurrence has been inferred from results of tests 
on laboratory animals. In the absence or insufficiency 
of direct human epidemiological data, results from fiber 
inhalation or implantation studies on animals provides 
the best "baseline information" from which to extrapo- 
late disease potential. 



30 



SUBSTITUTE SHEET 



WO 89/12032 



PCT/US89/02288 



-3- 

Chronic toxicological studies on animals have, 
however, been able to statistically . demonstrate the 
importance of three key factors that relate directly to 
the potential for respiratory disease and especially 
5 carcinoma: (a) dose of fiber received (including time of 
exposure) ; (b) dimension of the inhaled fiber; and (c) 
persistence of the fiber within the lung. The effects 
of dose and dimension have been well-characterized from 
such studies and as a result are fairly well known in 

10 regard to human disease potential. The dose is obvious- 
ly a product of the environment in which the fiber is 
used and the manner in which it is used. The dimension 
and persistence of the fiber within the lung, on the 
other hand, are functions of the manner in which the 

15 fiber is formed and of its chemical composition. In 
general, the smaller the fiber the more likely that it 
will become embedded in lung tissue when inhaled, thus 
increasing the danger of respiratory disease. 

Although less is known about the link between 
20 persistence of the fiber within the lung and respiratory 
disease, increasing attention is being focused on this 
aspect of the health issue. Biological persistence 
refers to the length of time a fiber endures as an 
entity within the body. The physiochemical concept that 
25 most closely relates to persistence and is perhaps more 
easily quantified is that of "durability" - specifical- 
ly, the chemical solubility (or resistance to solubili- 
ty) of fibers in body fluids and the tendency of such 
fibers to maintain physical integrity within such an 
30 environment. In general, the less durable a fiber is, 
the less will be the potential health risk associated 
with the inhalation of that fiber. One method of 
measuring the chemical durability of a fiber in body 
fluids is to measure its durability in physiological 
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saline solutions. This can be done by quantifying the 
rate of extraction of a chemical component of the fiber 
such as silicon into the physiological saline solution 
over a certain period of time. 

Thus, as can be easily concluded from the 
foregoing discussion, conventional mineral wool fibers 
have several serious drawbacks. However, even the 
alternatives to mineral wools have problems. For 
example, as mentioned earlier glass fibers have a fire 
resistance problem and whereas the refractory ceramic 
fibers have been gaining increasing use in recent years 
as an alternative to mineral wool fibers because of 
their ultra-high temperature resistance and superior 
ability to pass all fire rating tests, their use is 
limited by the fact that they are relatively expensive 
and have a relatively high chemical durability in 
physiological saline solutions as well. 



In conclusion, there is a great need in the 
industry for low cost, friendly feeling low bulk density 
inorganic fibers which have good fire resistance proper- 
ties as measured by their ability to pass the ASTM E-119 
two hour fire test. Additionally, there is a tremendous 
demand for fibers which have especially low durabilities 
in physiological saline solutions. what would be 
particularly advantageous to the industry would be 
fibers with combinations of the above mentioned sought 
after properties. Also, advantageous would be fibers 
which also have excellent refractory properties as well, 
e.g. high continuous service temperatures. 
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SUMMARY OF THE INVENTION 

In one embodiment of the present invention, 
there are provided inorganic fibers having a silicon 
extraction of greater than about 0.02 wt% Si/day in 
physiological saline solutions and a composition con- 
sisting essentially of about 0-10 wt% of either Al 2 o 3 , 
Zr0 2/ Ti0 2 , B 2 0 3/ iron oxides, or mixtures thereof; 35-70 
wt% Si0 2 ; 0-50 wt% MgO; and CaO. 



In another embodiment of the present inven- 
10 tion, there are provided inorganic fibers which have a 
5 hour silicon extraction in physiological saline 
solutions of at least about 10 ppm. These fibers can 
broadly have compositions consisting essentially of the 
following ingredients at the indicated weight percentage 
15 levels: 

0-1.5 wt% of either A1 3 0 3/ Zr0 2 , Ti0 2/ B 2 0 3 , iron 
oxides, or mixtures thereof; 4 0-70 wt% Si0 2 ; 0-50 wt% 
MgO; and CaO 

1.5-3 wt% of either A1 2 0 3 , Zr0 2 , Ti0 2/ B 2 0 3 , iron 

2 0 oxides, or mixtures thereof; 4 0-6 6 wt% Si0 2 ; 0-5 0 wt% 

MgO; and CaO 

3-4 wt% of either A1 2 0 3/ Zr0 2 , Ti0 2 , B 2 0 3 , iron 
oxides, or mixtures thereof; 40-64 wt% Si0 2 ; 0-50 wt% 
MgO; and CaO 

25 4-6 wt% of either A1 2 0 3/ Zr0 2 , Ti0 2 , B 2 0 3 , iron 

oxides, or mixtures thereof; 40-59 wt% Si0 2 ; 0-25 wt% 
MgO; and CaO 

6-8 wt% of either A1 2 0 3 , Zr0 2 , Ti0 2 , B 2 0 3 , iron 
oxides, or mixtures thereof; 35-54 wt% Si0 2 ; 0-25 wt% 

3 0 MgO ; and CaO 

8-10 wt% of either A1 2 0 3 , Zr0 2 , Ti0 2 , B 2 0 3 , iron 
oxides, or mixtures thereof; 3 5-45 wt% Si0 2 ; 0-20 wt% 
MgO; and CaO 
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In a preferred embodiment, inventive fibers 
with 5 hour silicon extractions of greater than about 20 
ppm and most preferably greater than about 50 ppm are 
provided. 

5 In another embodiment of the present invention 

there are provided inorganic fibers having a diameter of 
less than 3.5 microns and which pass the ASTM E-119 two 
hour fire test when processed into a fiber blanket 
having a bulk density in the range of about 1.5 to 3 pcf 

10 and having a composition consisting essentially of 
about: 0-10 wt% of either A1 2 0 3 , Zr0 2 , Ti0 2 , B 2 0 3 , iron 
oxides, or mixtures thereof; 58-70 wt% Si0 2 ; 0-21 wt% 
MgO; 0-2 wt% alkali metal oxides; and CaO and wherein 
the amount of alumina + zirconia is less than 6 wt% and 

15 the amount of iron oxides or alumina + iron oxides is 
less than 2 wt% . Preferably, the inventive fibers in 
this embodiment may have compositions consisting essen- 
tially of about: 

0-1.5 wt% of either A1 2 0 3/ Zr0 2/ Ti0 2 , B 2 0 3 , iron 
oxides, or mixtures thereof; 58.5-70 wt% si0 2 ; 0-21 wt% 
MgO; 0-2 wt% alkali metal oxides; and CaO 

greater than 1.5 wt% up to and including 3 wt% 
of either A1 2 0 3 , Zr0 2 , Ti0 2 , B 2 0 3 , iron oxides, or mixtures 
thereof; 58.5-66 wt% Si0 2 ; 0-21 wt% MgO; 0-2 wt% alkali 
25 metal oxides; and CaO 

greater than 3 wttr up to and including 4 wt% 
of either A1 2 0 3 , Zr0 2 , Ti0 2 , B 2 0 3 , iron oxides, or mixtures 
thereof; 58-63 wt% si0 2 ; 0-8 wt% MgO; 0-2 wt% alkali 
metal oxides; and CaO 

greater than 4 wt% up to and including 6 wt% 
of either A1 2 0 3 , Zr0 2 , Tio 2/ B 2 0 3f iron oxides, or mixtures 
thereof ; 58-59 wU Si0 2 ; 0-7 wt% MgO ; 0-2% alkali metal 
oxides; and CaO. 



20 
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As discussed herein earlier f there has been a 
demand in the industry for inorganic fibers with an 
excellent fire rating at low bulk densities and fibers 
with especially low chemical durabilities in physiologi- 
cal saline solutions. Therefore, each category of 
inventive fibers should fulfill a real need in the 
industry and should be available for applications where 
heretofore low cost, mineral wool type fibers have not 
been available. What is particularly advantageous about 
the present invention is the fact that fibers are 
provided where a special demand exists, i.e. applica- 
tions in the industry where fibers with both an excel- 
lent fire rating and an especially low durability in 
physiological saline solutions are in demand. 

Other features and aspects, as well as the 
various benefits and advantages, of the present inven- 
tion will be made clear in the more detailed description 
which follows. 

DETAILED DESCRIPTION OF THE INVENTION 

The inventive fiber compositions of the 
present invention can be made from either pure metal 
oxides or less pure raw materials which contain the 
desired metal oxides. Table 1 herein gives an analysis 
of some of the various raw materials which can be used 
to make inventive fiber compositions. Physical vari- 
ables of the raw materials such as particle size may be 
chosen on the basis of cost, handleability , and similar 
considerations . 

Except for melting, the inventive fibers are 
formed in conventional inorganic fiber forming equipment 
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and by using standard inorganic fiber forming techniques 
as known to those skilled in the art. Preferably, 
production will entail electric furnace melting rather 
than cupola melting since electric melting keeps molten 
5 oxides of either pure or less pure raw materials more 
fully oxidized thereby producing longer fibers and 
stronger products. The various pure oxides or less pure 
raw materials are granulated to a size commonly used for 
electric melting or they may be purchased already so 
10 granulated. 

The granulated raw materials are then mixed 
together and fed to an electric furnace where they are 
melted by electric resistance melting with electrodes 
preferably positioned according to the teachings of U.S. 
15 Patent No. 4,351,054. Melt formation can be either 
continuous or batchwise although the former is pre- 
ferred. The molten mixture of oxides is then fiberized 
as disclosed in U.S. Patent No. 4,238,213. 



20 



While the fiberization techniques taught in 
U.S. 4,238,213 are preferred for making the inventive 
fibers, other conventional methods may be employed such 
as sol-gel processes and extrusion through holes in 
precious metal alloy baskets. 

The fibers so formed will have lengths in the 
25 range of from about 0.5 to 20 cm and diameters in the 
range of from about 0.05 to 10 microns with the average 
fiber diameter being in the range of about 1.5 to 3.5 
microns. Table 2 shows the average fiber diameter 
(measured microscopically) and the unfiberized shot 
30 content of various inventive fibers. As may be seen, 
the average microscopic fiber diameter was 2.3 microns 
and the average unfiberized shot content was 27%. 
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For purposes of comparison, conventional 
mineral wool fibers were also tested with the results 
being given in Table 2 as numbers 226 and 229. These 
conventional fibers averaged 4.7 microns (measured 
5 microscopically) in diameter and had an average 4 0 wt% 
shot content. The continuous service temperature ranged 
from 1370°F to 1490°F, averaging 1420°F. 

Table 3 contains an extensive chemical analy- 
sis of a number of inventive fibers. Because of the 

10 large number of fiber samples containing alumina addi- 
tives made to the base calcium oxide/magnesia/silica 
system, only the average analysis of the minor constitu- 
ent of these fibers are given in Table 3. The silica, 
alumina, magnesia, and calcium oxide contents for these 

15 fibers are given in Table 4. 

As used herein, the "service temperature' 1 of 
an inorganic fiber is determined by two parameters. The 
first is the obvious condition that the fiber must not 
soften or sinter at the temperature specified. It is 
2 0 this criterion which precludes the use of glass fibers 
at temperatures about 800°F to 1000°F (425° to 540°C) . 
Additionally, a felt or blanket made from the fibers 
must not have excessive shrinkage when soaking at its 
service temperature. "Excess shrinkage" is usually 

2 5 defined to be a maximum of 5% linear or bulk shrinkage 

after prolonged exposure (usually for 24 hours) at the 
service temperature. Shrinkage of mats or blankets used 
as furnace liners and the like is of course a critical 
feature, for when the mats or blankets shrink they open 

3 0 fissures between them through which the heat can flow, 

thus defeating the purpose of the insulation. Thus, a 
fiber rated as a "1500°F (815 °C) fiber" would be defined 
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as one which does not soften or sinter and which has 
acceptable shrinkage at that temperature, but which 
begins to suffer in one or more of the standard parame- 
ters at temperatures above 1500 °F (815 °C). 

The service temperatures for a representative 
number of fibers in the inventive compositional range 
are listed in Table 2. The continuous service tempera- 
ture for constant silica/magnesia/calcium oxide ratios 
are given in Table 6. As may be seen in all cases, the 
lower the alumina content of the fiber, the higher the 
service temperature will be, with the highest service 
temperature being at zero percent alumina for alumina 
contents less than 30%. Thus to attain the most desired 
properties of the inventive fiber it is not possible to 
accept any of the alumina contents resulting from 
melting the traditional mineral wool raw materials. 
Rather, various amounts of sufficiently pure oxides will 
be reguired to dilute the alumina contents to the 
desired low levels. To attain fibers of the highest 
20 service temperatures, only pure raw materials with 
essentially no significant amounts of alumina must be 
used. 

A series of inventive fibers were also tested 
for their silicon extraction in a saline solution 
25 according to the following procedure: 

A buffered model physiological saline solution 

was prepared by adding to 6 liters of distilled water 

the following ingredients at the indicated concentra- 
tions : 

30 Ingredient Concentration, a/i 

MgCl 2 6H 2 0 0.160 

NaCl 6.171 
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KC1 0.311 

Na 2 HPO A 0.149 

Na 2 SO, 0.079 

CaCl 2 2H 2 0 0.060 

5 NaHC0 3 1.942 

NaC 2 H 3 0 2 1.066 



Before testing, this solution was buffered to 
a pH of 7.6 by bubbling with a gaseous mixture of 5% 
C0 2 /9 5%N 2 . 

One half (1/2) gram of each sample of fiber 
listed in Table 3 was then placed into separate closed, 
plastic bottles along with 50 cc of the prepared physio- 
logical saline solution and put into an ultrasonic bath 
for 5 hours. The ultrasonic vibration application was 
adjusted to give a temperature of 104 °F at the end of 
the 5 hour period. At the end of the test period, the 
saline solution was filtered and the solution chemically 
analyzed for silicon content. The silicon concentration 
in the saline solution was taken to be a measure of the 
amount of fiber which solubilized during the 5 hour test 
period. The CaO and MgO contents of the fiber were 
similarly solubilized. 

One of the inventive fibers was tested for 
silicon extraction in a physiological saline solution 
for periods of up to 6 months. Results were as follows: 
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Categorization of oxides melts according to 
scales of acidity or basicity has been well known for 
many years. (See "A Scale of Acidity and Basicity in 
Glass," Glass Industry, February 1948, pp 73-74.) We 
have now found that by strictly controlling the composi- 
tions of the oxide melts according to the acidic or 
basicity behavior of the respective oxides, fibers can 
be made which are surprisingly soluble in saline solu- 
tions. Increasing the content of silica, alumina, and 
the amphoteric oxides in the fiber increases the acid 
ratio of the fiber composition. This tends to stabilize 
the system against silicon extraction by weak solutions 
as a result of relative changes in the interatomic 
bonding forces and extension of the silica network. 
15 Other amphoteric oxides besides alumina will have an 
alumina equivalency with respect to extraction by saline 
solutions. The amphoteric oxides zirconia and titania 
appear to have an alumina equivalency of close to 1 to 
1. We have found that in general for desired high 
20 saline solubility the amount of total amphoteric oxides 
must be kept below about 10% depending upon the amount 
of silica present. On the other hand, with the excep- 
tion of iron and manganese oxides, the basic oxides can 
vary widely since their alumina equivalency is small. 
However, while iron and manganese oxides are generally 
considered to be basic in nature, their behavior with 
respect to saline solubility more closely relate to the 
amphoteric oxides, thus the amounts of iron and manga- 
nese oxides must be similarly limited. 



25 
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Many of the fibers were tested for their fire 
resistance according to the following simulated fire 
rating test procedure: 
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For screening test purposes, a small furnace 
was constructed using an electrically heated: flat-plate 
element at the back of the heat source. A 6 inch x 6 
inch x 2 inch thick sample of 1 3/4 to 6 1/2 pcf density 
of each formulated fiber was mounted parallel with the 
element and 1 inch from it. Thermocouples were then 
positioned at the center of the fiber sample surfaces. 
A computer was used to control power via a simple on-of f 
relay system to the heating element. The position of 
the relay was based on the reading of the thermocouple 
on the sample surface nearest the element and the 
programmed fire test heat-up schedule. 

The furnace was heated so as to follow a 
standard ASTM E-119 time/ temperature curve for the 2- 
15 hour test period. In the test utilized herein, failure 
of the fiber is considered to occur when the furnace is 
unable to maintain the standard temperature per ASTM 
E-119 because the fiber insulation has sintered suffi- 
ciently to allow heat to escape through the fiber layer. 

20 The results of the testing of the fibers for 

saline solubility and the two hour ASTM E-119 fire test 
are given in Table 4 for the fibers made with alumina 
addition and in Table 5 for the remaining fibers to 
which other oxidic constituents were added. These 
25 additions included: B 2 0 3/ P 2 o 5 , Tio 2/ Zr0 2 , Fe 2 0 3 + MnO, 
La 2 o 3 , Cr 2 0 3 , and Na 2 0. For glass fibers within the scope 
of the invention to function in an ASTM E-119 fire test, 
i.e. to withstand the rising temperatures of a simulated 
fire which can reach 1850 °F in two hours, it is neces- 
sary that they convert from an amorphous condition to a 
beneficial pseudo crystalline state during heat-up. The 
inventive fibers do this but can be assisted in this 
function by the inclusion of suitable crystal nucleating 
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agents. Such agents may include Ti0 2 , Zr0 2 , platinum, 
Cr 2 0 3 , P 2 O s , and others. Such additions are within the 
scope of this invention. 
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Reasonable modifications and variations are 
possible from the foregoing disclosure without departing 
from either the spirit or scope of the invention as 
defined in the claims. 
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CLAIMS 

1. A process for decomposing a silica- 
containing fiber comprising the steps of: 

1. providing an inorganic fiber pre- 
5 pared from a composition consisting essential- 
ly of: 

(a) 0.06-10 wt% of a material 
selected from the group consisting of 
A1 2 0 3 , Zr0 2 , Ti0 2/ B 2 0 3 , iron oxides and 

io mixtures thereof; 

(b) 35-70 wt% Si0 2 ; 

(c) 0-50 wt% MgO; and 

(d) the remainder consisting essen- 
tially of CaO, the total being 100% by 

15 weight; 

2. subjecting the silica-containing 
fiber to a physiological saline fluid; and 

3. extracting the silica at a rate of 
at least 5 parts per million (ppm) of silicon 

20 in 5 hours, thereby decomposing the silica- 

containing fiber. 

2. The process of Claim 1 wherein the 
composition of subsection 1(a) ranges from 0.06-5 wt% of 
material selected from the group consisting of Ai 2 o 3 , 

25 Zr0 2 , Ti0 2 , B 2 0 3/ iron oxides and mixtures thereof. 

3. The process of Claim 1 wherein the 
composition of subsection 1(c) ranges from 0.25-50 wt% 
MgO. 

4. The process of Claim 1 wherein the 
30 composition consists essentially of: 
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-so- 
fa) 0.06-1.5 wt% of A1 2 0 3 , Zr0 2 , 
Ti0 2 , B 2 0 3 , iron oxides and mixtures 
thereof ; 

(b) 40-70 wt% Si0 2 ; 

(c) 0-50 wt% MgO; and 

(d) the remainder consisting essen- 
tially of CaO, the total being 100% by 
weight . 



5. The process of Claim 4 wherein the 
composition in subsection 1(c) ranges from 0.25-50 wt% 
MgO. 



The process of Claim 1 wherein the 



composition consists essentially of: 



(a) 1.5-3 wt% of A1 2 0 37 ZrO z/ Ti0 2 , 
B 2 0 3 , iron oxides and mixtures thereof; 

(b) 40-65 wt% Si0 2 ; 

(c) 0-50 wt% MgO; and 

(d) the remainder consisting essen- 
tially of CaO, the total being 100% by 
weight . 



7. The process of Claim 1 wherein the 
composition of subsection 1(c) ranges from 0.25-50 wt% 
MgO. 



The process of Claim 1 wherein the 



composition consists essentially of: 



(a) 3-4 wt% of Al 2 o 3 , Zr0 2 , Tio 2 , 
B 2 0 3 , iron oxides and mixtures thereof; 

(b) 40-63 wt% Si0 2 ; 

(c) 0-50 wt% MgO; and 
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(d) the remainder consisting essen- 
tially of CaO, the total being 100% by 
weight. 

9. The process of Claim 8 wherein the 
5 composition of subsection 1(c) ranges from 0.25-50 wt% 

MgO. 

10. The process of Claim 1 wherein the 
composition consists essentially of: 

(a) 4-6 wt% of A1 2 0 3 , Zr0 2 , Ti0 2 , 
10 B 2 0 3 , iron oxides and mixtures thereof; 

(b) 40-60 wt% Si0 2 ; 

(c) 0-25 wt% MgO; and 

(d) the remainder consisting essen- 
tially of CaO, the total being 100% by 

15 weight. 

11. The process of Claim 10 wherein the 
composition of subsection 1(c) ranges from 0.25-25 wt% 
MgO. 

12. The process of Claim 1 wherein the 

2 0 composition consists essentially of: 

(a) 6-8 wt% of A1 2 0 3/ Zr0 2 , Ti0 2/ 
B 2 0 3 , iron oxides and mixtures thereof; 

(b) 35-54 wt% Si0 2 ; 

(c) 0-25 wt% MgO; and 

25 (d) the remainder consisting essen- 

tially of CaO, the total being 100% by 
weight. 

13. The process of Claim 12 wherein the 
composition of subsection 1(c) ranges from 0.25-25 wt% 

3 0 MgO . 
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14. The process of Claim l wherein the 
composition consists essentially of: 

(a)- 8-io wt% of Ai 2 o 3 , zro 2r Tio 2 , 
B 2 0 3 , iron oxides and mixtures thereof; 
5 (b) 35-54 Wt% Si0 2 ; 

(c) 0-20 wt% MgO; and 

(d) the remainder consisting essen- 
tially of CaO, the total being 100% by 
weight. 

10 15 • The process of Claim 14 wherein the 

composition of subsection 1(c) ranges from 0.25-20 wt% 
MgO. 

16. The process of Claim 1 wherein the fiber 
has a diameter of less than 3.5 microns. 

15 17 • The process of Claim 1 wherein the 

silicon extraction rate is at least 20 ppm, the A1 2 0 3 
content is about 0.06-7 wt%, and the Si0 2 content is 
about 40-66 wt%. 



20 



25 



18. The process of Claim 1 wherein the 
silicon extraction rate is at least about 50 ppm, the 
A1 2 0 3 content is about 0.06-3 wt%, and the Si0 2 content 
is about 40-60 wt%. 

19. The process of Claim 1 wherein the 
silicon extraction rate is at least about 50 ppm, the 
Al 2 o 3 content is about 0.06-0.75 wt%, and the Si0 2 content 
is about 40-60 wt%. 

20. A process of protecting a structural wall 
from fire comprising the steps of: 
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1. providing a fiber blanket having a 
bulk density in the range of about 1.5 to 
about 3 lbs. per cubic foot (pcf) ; wherein the 
fiber blanket has the ability to pass ASTM 

5 E-119 two-hour fire test; the fibers in the 

blanket have a diameter less than about 3.5 
microns; and the fiber is an inorganic fiber 
prepared from a composition consisting essen- 
tially of: 

10 (a) 0-7 wt% of A1 2 0 3/ Zr0 2 , TiQ 2/ 

B 2 0 3/ iron oxides and mixtures thereof; 

(b) 58-70 wt% Si0 2 

(c) 0-21 wt% MgO; 

(d) 0-2 wt% alkali metal oxide; and 
15 (e) the remainder consisting essen- 
tially of CaO, the total being 100% by 
weight ; and 

2. placing the blanket next to the 
wall, and thereby protecting the wall from 

2 0 fire. 



21. The process of Claim 2 0 wherein the 
composition of subsection 1(a) ranges from 0.06-7 wt% of 
A1 2 0 3/ Zr0 2/ Ti0 2/ B 2 0 3 , iron oxides and mixtures thereof. 

22. The process of Claim 20 wherein the 
composition of subsection 1(c) ranges from 0.2 5-21 wt% 
MgO. 



23. The process of Claim 20 wherein the 
composition consists essentially of: 

(a) 0.06-3.0 wt% of A1 2 0 3/ Zr0 2/ 
Ti0 2 , B 2 0 3 , iron oxides and mixtures 
thereof; 

(b) 58.5-70 wt% Si0 2 ; 
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(C) 0-21 wt% MgO; 

(d) 0-2 wt% alkali metal oxide; and 

(e) the remainder consisting essen- 
tially of Cao, the total being 100% by 

5 weight. 

24. The process of Claim 2 0 wherein the 
composition of subsection 1(c) ranges from 0.25-21 wt% 
MgO. 

25. The process of Claim 20 wherein the 
10 composition consists essentially of: 

(a) from about 3 wt% up to and 
including 4 wt% of A1 2 0 3 , Zr0 2f Ti0 2/ B 2 0 3 , 
iron oxides and mixtures thereof; 

(b) 58-63 wt% SiO z ; 
15 (c) 0-8 wt% MgO; 

(d) 0-2 wt% alkali metal oxide; and 

(e) the remainder consisting essen- 
tially of CaO, the total being 100% by 
weight. 

20 26 • The process of Claim 25 wherein the 

composition in subsection 1(c) ranges from 0.25-8 wt% 
MgO. 

27. The process of Claim 25 wherein the 
composition consists essentially of: 
25 (a) from about 4 wt% up to and 

including 6 wt% of A1 2 0 3 , zro 2 , Ti0 2 , B 2 0 3 , 
iron oxides and mixtures thereof; 

(b) 58-61 wt% Si0 2 ; 

(c) 0-7 wt% MgO; 

30 ( d ) 0-2 wt% alkali metal oxide; and 
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(e) the remainder consisting essen- 
tially of Cao, the total being 100% by 
weight. 

28. The process of Claim 25 wherein the 
5 composition of subsection 1(c) ranges from 0.25-7 wt% 

MgO. 

29. An inorganic fiber having an average 
fiber diameter of less than about 3.5 microns, a silicon 
extraction rate greater than about 0.02 wt% Si/day in a 

10 physiological saline solution and having a composition 
consisting essentially of about: 

(a) 0.06-5.0 wt% of material 
selected from the group consisting of 
A1 2 0 3/ Zr0 2 , Ti0 2/ B 2 0 3 , iron oxides and 

15 mixtures thereof; 

(b) 35-70 wt% Si0 2 ; 

(c) 0-50 wt% MgO; and 

(d) the remainder consisting essen- 
tially of Cao, the total being 100 wt%. 

20 3 0. An inorganic fiber having a silicon 

extraction of at least about 10 ppm over a 5 hour period 
in physiological saline solution and having a composi- 
tion consisting essentially of about: 

(a) 0.06-1.5 wt% of material 
25 selected from the group consisting of 

A1 2 0 3/ Zr0 2 , Ti0 2 , B 2 0 3 , iron oxides and 
mixtures thereof; 

(b) 40-70 wt% Si0 2 ; 

(c) 0-50 wt% MgO; and 

30 (d) the remainder consisting essen- 

tially of CaO, the total being 100 wt%. 
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31. An inorganic fiber according to Claim 3 0 
having -a silicon extraction of at least about 20 ppm, an 
average fiber diameter of less than about 3.5 microns, 
and having an Si0 2 content of about 40-66 wt%. 

32. An inorganic fiber according to Claim 3 0 
having a silicon extraction of at least about 50 ppm and 
having an Si0 2 content of about 40-60 wt% and a MgO 
content of about 0.25-25 wt%. 

33. An inorganic fiber having a silicon 
extraction of at least about 10 ppm over a 5 hour period 
in physiological saline solutions and having a composi- 
tion consisting essentially of about: 

(a) 1.5-3 wt% of material selected 
from the group consisting of A1 2 0 3 , Zr0 2 , 

15 Ti0 2r B 2 0 3 , iron oxides and mixtures 

thereof ; 

(b) 40-66 wt% Si0 2 ; 

(c) 0-50 wt% MgO ; and 

(d) the remainder consisting essen- 
20 tially of CaO, the total being 100 wt%. 

34. An inorganic fiber according to Claim 3 3 
having a silicon extraction of at least about 2 0 ppm, an 
average fiber diameter of less than about 3.5 microns, 
and an MgO content of from about .25-50 wt%. 

25 35 • An inorganic fiber according to Claim 3 3 

having a silicon extraction of at least about 50 ppm, an 
Sio 2 content of from about 40-54 wt%, and an MgO content 
of from about 0.25-18 wt%. 



3 0 



36. An inorganic fiber having a silicon 
extraction of at least about 10 ppm over a 5 hour period 
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in physiological saline solutions and having a composi- 
tion consisting essentially of about: 

(a) 3-4 wt% of material selected 
from the group consisting of A1 2 0 3 , ZrO z/ 
Ti0 2 , B 2 0 3 , iron oxides and mixtures 
thereof; 

(b) 4 0-63 wt% Si0 2 ; 

(c) 0-50 wt% MgO; and 

(d) the remainder consisting essen- 
tially of CaO, the total being 100 wt%. 

37. An inorganic fiber according to Claim 3 6 
haying a silicon extraction of at least about 20 ppm, an 
average fiber diameter of less than about 3.5 microns, 
and a Si0 2 content from about 40-58 wt%. 

38. An inorganic fiber according to Claim 37 
having a silicon extraction of at least about 50 ppm and 
an Si0 2 content of from about 4 0-52 vt% and a MgO content 
of from about .25-18 wt%. 



39. An inorganic fiber having a silicon 
extraction of at least about 10 ppm over a 5 hour time 
period in a physiological saline solution and having a 
composition consisting essentially of about: 

(a) 4-6 wt% of material selected 
from the group consisting of A1 2 0 3/ Zr0 2/ 
Ti0 2/ B 2 0 3/ iron oxides and mixtures 
thereof; 

(b) 40-59 wt% Si0 2 ; 

(c) 0-4 6 wt% MgO ; and 

(d) the remainder consisting essen- 
tially of CaO, the total being 100 wt%. 
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40 # An inorganic fiber according to Claim 39 
having a silicon extraction of at least about 2 0 ppm, an 
average fiber diameter of less than about 3.5 microns, 
and an Si0 2 content from about 40-58 wt%. 

41. An inorganic fiber having a diameter of 
less than about 3.5 microns and which passes the ASTM E- 
119 two hour fire test when processed into a fiber 
blanket having a bulk density in the range of about 1.5 
to 3 pcf, said inorganic fiber having a composition 
consisting essentially of: 

(a) .06-7 wt% of material selected 
from the group consisting of Al 2 O s , Zr0 2/ 
Tio 2/ B 2 0 3/ iron oxides and mixtures 
thereof; 

(b) 58-70 wt% Si0 2 ; 

(c) 0-21 wt% MgO; 

(d) 0.1-2 wt% alkali metal oxide; 

and 

(e) the remainder consisting essen- 
tially of CaO, the total being 100 wt%; 

wherein the amount of alumina + zirconia is 
less than 6 wt% and the amount of iron oxides or alumina 
+ iron oxides is less than 2 wt%. 



42. An inorganic fiber according to Claim 41 
having a composition consisting essentially of about: 

(a) .06-1.5 wt% of material se- 
lected from the group consisting of A1 2 0 3 , 
Zro 2/ Ti0 2r B 2 0 3 , iron oxides and mixtures 
thereof; and 

(b) 58.5-70 wt% Si0 2 . 
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43. An inorganic fiber according to Claim 42 
having a silicon extraction of at least about 10 ppm 
over a 5 hour period in physiological saline solutions. 

44. An inorganic fiber according to Claim 41 
5 having a composition consisting essentially of about: 

(a) greater than 1.5 wt% up to and 
including 3 wt% of material selected from 
the group consisting of A1 2 0 3 , Zr0 2/ Ti0 2 , 
B 2 0 3/ iron oxides and mixtures thereof; 

10 and 

(b) 58.5-66 wt% Si0 2 . 

45. An inorganic fiber according to Claim 44 
having a silicon extraction of at least about 10 ppm 
over a 5 hour period in a physiological saline solution. 

46. An inorganic fiber according to Claim 41 
having a composition consisting essentially of about: 

(a) greater than 3 wt% up to and 
including 4 wt% material selected from 
the group consisting of A1 2 0 3 , Zr0 2 , Ti0 2/ 
B 2 0 3/ iron oxides and mixtures thereof; 

(b) 58-63 wt% Si0 2 ; 

(c) .25-8 wt% MgO; 

(d) .1-2 wt% alkali metal oxide; 

and 

(e) the remainder consisting essen- 
tially of CaO, the total being 100 wt%. 

47. An inorganic fiber according to Claim 46 
having a silicon extraction of at least about 10 ppm 
over a 5 hour period in physiological saline solutions. 
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48. An inorganic fiber according to Claim 41 
having a composition consisting essentially of about: 

(a) greater than 4 wt% up to and 
including 6 wt% of material selected from 

5 the group consisting of Al 2 o 3 , Zr0 2 , Ti0 2 , 

B 2 0 3 , iron oxides and mixtures thereof; 

(b) 58-59 wt% Si0 2 ; 

(c) .25-7 wt% MgO; 

(d) .1-2 wt% alkali metal oxide; 

10 and 

(e) the remainder consisting essen- 
tially of CaO, the total being 100 wt%. 

49. An inorganic fiber according to Claim 48 
having a silicon extraction of at least about 10 ppm 

15 over a 5 hour period in physiological saline solutions. 

50. An inorganic fiber having a silicon 
extraction of greater than about 0.02 wt% Si/day in a 
physiological saline solution, a continuous service 
temperature above about 1450 °F and having a composition 
consisting essentially of about: 

(a) .06-5 wt% of material selected 
from the group consisting of A1 2 0 3 , Zr0 2 , 
Ti0 2 , B 2 0 3 , iron oxides and mixtures 
thereof ; 

25 (b) 40-70 wt% Si0 2 ; 

(c) 0-6 wt% MgO; and 

(d) the remainder comprising essen- 
tially of CaO, the total being 100 wt%. 



20 



30 



51. The fiber of Claim 50 wherein the compo- 
sition of subsection (c) has an amount of 0.25-6 wt% 
MgO. 
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52. An inorganic fiber having a silicon 
extraction of greater than about 0.02 wt% Si/day in a 
physiological saline solution, having a continuous 
service temperature above about 1500 °F and having a 
composition consisting essentially of about: 

(a) .06-1.5 wt% of material se- 
lected from the group consisting of Al 2 o 3/ 
Zr0 2 , Ti0 2 , B 2 0 3 , iron oxides and mixtures 
thereof; 

(b) 60-70 wt% Si0 2 ; 

(c) 0-1 wt% MgO; and 

(d) the remainder consisting essen- 
tially of CaO, the total being 100 wt%. 

53. The fiber of Claim 52 wherein the compo- 
sition of subsection (c) has an amount 0.25-1 wt% MgO. 

54. An inorganic fiber according to Claims 1 
or 29 made from pure oxidic raw materials. 



55. An inorganic fiber according to Claim 1 
or 2 9 or 41 in which at least a portion of the raw 
materials is selected from a group consisting of talc, 
metallurgical slags, siliceous rocks, kaolin, and 
mixtures thereof. 



56. An inorganic fiber having a composition 
consisting essentially of about: 

(a) 8.0-9.3 wt% A1 2 0 3 ; 

(b) 39-52 wt% Si0 2 ; 

(c) 22-38 wt% CaO; and 

(d) 7-14 wt% MgO, the total being 
100 wt% and having a silica extraction in 
a saline solution of at least about 5 ppm 
over a 5 hour period. 



SUBSTITUTE SHEET 



WO 89/12032 



PCT/US89/02288 



-62- 



57. An inorganic fiber composition 



having a composition consisting essentially of about: 



(a) 49-61 wt% SiC 2 ; 

(b) 10-3 6 wt% CaO; and 

(c) 3-23 wt% MgO, the total being 
100 wt% and having a Si0 2 extraction in a 
saline solution of between about 24-67 
ppm over a 5 hour period. 




